Objective-To examine the relation between serum urate and the risk of major coronary heart disease events. Design-A prospective study of a male cohort.
Setting-One general practice in each of 24 British towns. Subjects-7688 men aged 40-59 years at screening. Main outcome measures-Fatal and nonfatal coronary heart disease events. Results-There were 1085 major coronary heart disease events during the average follow up period of 16-8 years. Serum urate was significantly associated with a wide range of cardiovascular risk factors including body mass index, alcohol intake, antihypertensive treatment, preexisting coronary heart disease, serum triglycerides, cholesterol, and diastolic blood pressure. There was a significant positive association between serum urate and risk of coronary heart disease after adjustment for lifestyle factors and disease indicators. This relation was attenuated to non-significance upon additional adjustment for diastolic blood pressure and serum total cholesterol: cholesterol appeared to be the critical factor in attenuating this relation. When the association between serum urate and risk of coronary heart disease was examined by presence and grade of pre-existing coronary heart disease, a positive association was seen only in men with previous definite myocardial infarction, even after full adjustment (P = 0.07). Conclusions-The relation between serum urate and the risk of coronary heart disease depends heavily upon the presence of pre-existing myocardial infarction and widespread underlying atherosclerosis as well as the clustering of risk factors. Thus serum urate is not a truly independent risk factor for coronary heart disease. Raised serum urate appears to be an integral part of the cluster of risk factors associated with the insulin resistance syndrome that include obesity, raised serum triglycerides, and serum cholesterol.
(Heart 1997;78:147-153) Keywords : serum urate; coronary heart disease; risk factors Raised serum urate concentrations have been associated with increased risk of coronary heart disease events.'-3 However, hyperuricaemia has also been shown to be associated with many cardiovascular risk factors, in particular raised blood pressure, pre-existing ischaemic heart disease, hyperlipidaemia, and the use of antihypertensive treatment.39 Thus the role of serum urate in the development of coronary heart disease remains uncertain.
There is increasing evidence that the relation between hyperuricaemia and the risk of coronary heart disease in men is dependent on the association between urate and other cardiovascular risk factors.2A However, it is uncertain whether the observed relation is related to raised blood pressure or to the presence of established coronary heart disease. Hyperuricaemia is commonly found in people with coronary heart disease and although several studies have either excluded or adjusted for pre-existing coronary heart disease in multivariate analysis, few studies have examined the role of urate separately in the presence or absence of coronary heart disease. In those that have done so, the findings have been inconsistent. 47 We have therefore examined the relation between serum urate and subsequent risk of coronary heart disease in a prospective study of over 7000 middle aged men followed up for an average of 16-8 years. This paper focuses on the role of other cardiovascular risk factors in the relation between urate and risk of coronary heart disease and on the role of urate as a predictor of coronary heart disease events in men with and without the presence of pre-existing coronary heart disease.
Methods
The British Regional Heart Study is a large prospective study of cardiovascular disease in 7735 men aged 40-59 years selected from the age/sex registers of one group general practice in each of 24 towns in England, Wales, and Scotland (78% response rate). The criteria for selecting the town, the general practice, and the subjects, as well as the methods of data collection, have been reported'0 Research nurses administered a standard questionnaire to each man, which included questions on smoking habits, alcohol intake, physical activity, and medical history. Several physical measurements were made, and blood samples (non-fasting) were taken throughout the day between 0830 and 1830. Thirteen biochemical measurements, including serum urate, 1Wannamethee, Shaper heavy), pre-existing coronary heart disease (three levels: none, group 1 and group 2), use of antihypertensive treatment (yes/no), and history of diabetes (yes/no) were fitted as categorical variables.
Results
During the mean follow up period of years there were 1085 major coronary heart disease events (fatal and non-fatal) in the 7688 men with available data on serum urate. The mean (SD) serum urate concentration in these 7688 men was 358-8 (69 8) umol/l, range 91 to 995 umol/l.
URATE AND CORONARY HEART DISEASE RISK FACTORS
Urate was strongly associated with body mass index (BMI) (r = 0-29; P < 0.0001) but no association was seen with age.
Lifestyle factors and pre-existing disease Table 1 shows the age and BMI adjusted mean serum urate concentrations by personal characteristics and disease status. Antihypertensive treatment and pre-existing coronary heart disease were significantly associated with higher levels of serum urate after adjustment for age and BMI. Urate levels increased No association was seen with social class or physical activity (data not shown). The significant positive associations with antihypertensive treatment, pre-existing ischaemic heart diseases, and alcohol intake and the inverse association with smoking and history of diabetes persisted even after adjustnent for each of the other factors.
Biologicalfactors
After adjustment for age and BMI there were small but significant correlations with triglyceride (r = 0l15; P < 0 0001), cholesterol (r = 0<10; P < O0OQ01), diastolic blood pressure (r = 0'08; P < 0O0001), systolic blood pressure (r = 0-05; P < 0-0001), serum insulin (r = 0-08; P < 0.0001), packed cell volume (r = 0-06; P < 0 0001), FEV1 (r = -0-06; P << 00001), and heart rate (r = 0 04; P = 0-0004). No association was seen with high density lipoprotein (HDL) cholesterol (r = 0 01). Although no significant correlation was seen with blood glucose (r = -0-02), a previous report from this study has shown a nonlinear relation between serum urate and blood glucose. There was a positive relation between blood glucose and serum urate up to a blood glucose concentration of about 8-0 mmol/l; at higher levels of glucose, serum urate decreased. '9 With the exception of blood pressure, the associations with biological factors persisted even after additional adjustment for pre-existing coronary heart disease, antihypertensive treatment, diabetes, alcohol intake, and smoking. The correlations between urate and blood pressure were weakened (r = 004 and r = 0-02 for diastolic and systolic blood pressure, respectively) although the correlation remained significant for diastolic blood pressure. Since Because of the strong association between serum urate and presence of coronary heart disease, we examined the relation between serum urate by grades of pre-existing coronary heart disease at baseline, adjusting first (A) for lifestyle factors and disease indicators and then (B) in addition for blood cholesterol and diastolic blood pressure (table 3) . In men with no pre-existing disease, after adjustment for lifestyle factors and disease indicators (column A), a positive association was seen, but this was considerably attenuated after further adjustment for cholesterol and diastolic blood pressure (column B). In men with pre-existing coronary heart disease short of a definite myocardial infarction, risk was lowest in men with low urate but there was no difference between the other groups. A positive association was seen in men with pre-existing definite myocardial infarction even after adjustment for diastolic blood pressure and cholesterol and the trend was of marginal significance (P = 0-07). Exclusion of men with definite myocardial infarction on antihypertensive treatment (n = 92) increased the positive association seen in men in group 3 (test for trend P = 0.02), with those in the top quintile showing an almost twofold increase in risk of subsequent major If serum urate is integrally related to many of the risk factors for major coronary heart disease events, then as overall risk of major coronary heart disease as manifest by a clustering of risk factors (risk score) increases, one would expect levels of serum urate to increase even in the absence of evidence of pre-existing coronary heart disease. In table 4, all men with pre-existing coronary heart disease (groups 2 and 3) were excluded and serum urate levels were examined in relation to progressively increasing risk of coronary heart disease as assessed by a multifactorial risk score, which includes age, smoking, systolic blood pressure, cholesterol, ECG ischaemia, ECG definite myocardial infarction, diagnosis of coronary heart disease, current angina, diabetes, and parental history of heart disease.21 Mean serum urate increased significantly with increasing risk score even in the absence of underlying coronary heart disease.
ALL CAUSE MORTALITY
There were 1510 deaths from all causes during the follow up period. The relation between serum urate and all cause mortality was examined by evidence of pre-existing coronary heart disease. No association was seen in any of the three groups after adjustment for age, lifestyle factors, disease indicators, diastolic blood pressure, and cholesterol.
RENAL FUNCTION AND RISK OF CORONARY HEART DISEASE
Serum urate was significantly correlated with serum creatinine and urea even after adjustment for age and BMI (r = 0-29 and r = 0-13, respectively). This correlation was seen in men with and without pre-existing coronary heart disease. However, no association was seen between blood urea and risk of coronary heart disease or between creatinine and risk of coronary heart disease. In particular no association was seen between these renal factors and risk of coronary heart disease in men with definite myocardial infarction, unlike that seen with serum urate.
HISTORY OF GOUT
Serum urate concentration was significantly raised in the 197 men who recalled a doctor diagnosis of gout (age and BMI adjusted urate concentration 415-4 v 357-3 Mmol/l; P < 0-0001). However, there was little association between a history of gout and subsequent risk of coronary heart disease, even after adjusting only for age (age adjusted RR 1 19, 95% CI 0-85 to 1-66).
Discussion
In this study of middle aged men, raised serum urate was associated with a significant increase in risk of heart attacks after adjustment for age, as has been observed in other prospective studies. However, as in several other large population studies, we found that serum urate was associated with many of the cardiovascular risk factors, in particular obesity, use of antihypertensive treatment, alcohol intake, hyperlipidaemia, and the presence of coronary heart disease.-2225 Although several epidemiological and clinical studies have reported a significant association between hyperuricaemia and hypertension, in our study there was only a weak association between serum urate and blood pressure (diastolic only) after adjusting for BMI and other lifestyle factors. Several population studies have also noted weak67 or no association between uric acid and blood pressure after BMI or antihypertensive treatment is taken into account in multivariate analyses.24 The negative association between smoking and serum urate levels observed in this study has also been reported by others.2 Although raised serum urate has been shown to be associated with an increased risk of development of diabetes,26 27 diabetics have significantly lower mean urate concentrations, a phenomenon also observed in a study of 10 000 Israeli men.26 We found no association between urate and HDL cholesterol after adjustment for BMI.
SERUM URATE AS AN INDEPENDENT RISK

FACTOR
Although it has become increasingly recognised that the relation between raised serum urate and risk of coronary heart disease in men is mediated through other risk factors, it is still uncertain whether the observed relation is related to hypertension or use of antihypertensive treatment, hyperlipidaemia, or the presence of established coronary heart disease. In this study, serum urate was significantly and positively associated with risk of coronary heart disease, even after adjustment for lifestyle factors and disease indicators including pre-existing coronary heart disease and use of antihypertensive treatment. However, this relation was attenuated to non-significance after further adjustment for diastolic blood pressure and blood cholesterol. While several studies have found the increased risk to be related to use of thiazide diuretics48 or preexisting coronary heart disease,7 we found the relation to be statistically independent of these factors in multivariate analyses, but the positive relation was more concentrated in men with pre-existing coronary heart disease. The Framingham study also found the relation to be independent of use of antihypertensive treatment but it was attenuated upon adjustment for other cardiovascular risk factors, including blood pressure and cholesterol. 4 The NHANES study28 and the Chicago Heart Association detection project in industry6 both found the relation between uric acid and risk of coronary heart disease to be attenuated after adjustment for a range of other cardiovascular risk factors, but neither of these studies ascertained which factors were responsible for the attenuation. The increased risk of coronary heart disease observed in our total study population appeared to be largely mediated by the association between hyperuricaemia and serum cholesterol.
HYPERURICAEMIA AND HYPERLLPIDAEMIA Hyperlipidaemia is commonly associated with hyperuricaemia.452930 In this study we observed a significant association between urate and serum triglycerides and cholesterol. Raised triglyceride is often accompanied by a rise in cholesterol and in our study the relation between raised urate and raised cholesterol appeared to be largely mediated through triglycerides. Although our findings are based on non-fasting triglyceride concentrations, the stronger association with uric acid and triglycerides than with cholesterol has also been observed in another large prospective study5 and in studies which have used fasting triglyceride concentrations.29 30 It is not clear why hyperuricaemia is associated with a clustering of risk factors but it has been suggested that serum uric acid, together with increased small dense low density lipoprotein cholesterol particles, may be part of the insulin resistance syndrome,31-34 which in turn leads to coronary heart disease.33 34 It is therefore possible that the association between urate and coronary heart disease is largely mediated by triglyceride metabolism.34 PRE-EXISTING CORONARY HEART DISEASE Uric acid is often raised in patients with established coronary heart disease, as seen in this study. Although no independent association was seen between serum urate and risk of coronary heart disease in the total study population, when the relation was examined separately by grades of pre-existing coronary heart disease a significant positive association was seen in men with definite myocardial infarction, even after full adjustment. This association was strengthened upon exclusion of men on antihypertensive treatment. Men in the top fifth of the distribution showed nearly a twofold increase risk of coronary heart disease compared to those in the bottom fifth. In men with no evidence of coronary heart disease, a weaker but positive association was seen in the age adjusted analysis, which was attenuated after adjustment. However, in these men with no evidence of pre-existing coronary heart disease, mean serum urate concentrations increased progressively, albeit moderately, as overall risk determined by a multifactorial score increased.
Few studies have examined the role of uric acid separately by presence or absence of coronary heart disease and in the two that have done so the findings have been inconsistent. In the US coronary drug project no association was seen between raised serum uric acid and risk of non-fatal myocardial infarction in men with pre-existing myocardial infarction followed up for three years.4 In a Finnish study of 3195 men, no association was seen between serum uric acid and risk of cardiovascular mortality in men without known heart disease. 7 In men with known heart disease hyperuricaemia was associated with an increase in cardiovascular mortality. Although the findings were not statistically significant after adjustment for other cardiovascular risk factors including antihypertensive medication and heart enlargement, there was still a nearly twofold increase in risk of cardiovascular mortality.
GOUT AND CORONARY HEART DISEASE It is widely accepted that gout is a risk factor for coronary heart disease, although few prospective population studies have examined this relation. In the Framingham study, based on a 32 year follow up, men with gout (n = 92) experienced a 60% excess of coronary heart disease, predominantly in the form of angina pectoris. Adjustment for other atherogenic risk factors (systolic blood pressure, total cholesterol, alcohol, BMI, diabetes) did not alter the risk of coronary heart disease in men. In women (n = 19), in whom gout occurred infrequently, there was no significant association between gout and CHD.35 In the present study we found no increased risk of coronary heart disease in the men with recall of a diagnosis of gout (n = 187) despite their raised serum urate concentrations. There also appears to be no conclusive evidence that raised serum urate in hypertensive subjects, even when induced by diuretics, worsens vascular risk.3637 CONCLUSIONS The significant positive association observed in the total cohort between serum urate and the risk of a major coronary heart disease event persisted after adjustment for age, lifestyle factors, and disease indicators. However, after additional adjustment for total cholesterol the increased risk was attenuated to a non-significant level. Furthermore, the relation between serum urate and major coronary heart disease events was only observed, after full adjustment, in men with previous definite myocardial infarction. The findings in this study strongly suggest that the relation observed between serum urate and the risk of major coronary heart disease events depends heavily upon the increased risk in those with previous definite myocardial infarction and severe underlying atherosclerosis. It also appears that raised serum urate is an integral part of the cluster of risk factors associated with the insulin resistance syndrome, particularly obesity, raised serum triglycerides, and raised serum cholesterol.
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